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STATOR WINDING AND MANUFACTURING METHOD THEREFOR 
BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a stator winding which is suitable for use in a 
rotating electrical machine such as an electric motor or generator, and more specifically 
which is suitable for use in a slotless stator of a high speed rotating electrical machine, 
and to a manufacturing method therefor. 

This application is based on Japanese Patent Application No. Hei 11-211395, the 
contents of which are incorporated herein by reference. 

Description of the Related Art 

Heretofore, there has been proposed a slotless stator where, from the viewpoint of 
making even the magnetic resistance of the main magnetic flux path as viewed from the 
stator side, a slot is not formed. A radial gap type slotless construction where cylindrical 
windings are secured to an inner peripheral side of a slotless stator which faces a rotor, is 
widely used. 

Such a radial gap type slotless construction is disclosed in the specification of 
U.S. Patent No. 5,313,131. 

FIG. 13 is a perspective view showing an end portion of a slotless stator. A 
plurality of coil segments 103 are secured to an inner peripheral face of a stator core 101. 
These coil segments 103, as shown in FIG. 14, bear an approximate quadrilateral shape 



with rounded comers . When these coil segments 103 are used, this gives a construction, 
as can be seen from FIG. 13, where one side 105 of the quadrilateral shape is exposed 
from the edge portion of the stator core 101. 

If one side of the coil segment is exposed, then the amount of the winding for that 
part is wastefully used. This increases the resistance value of the windings and produces 
heat. In the case where this is used in a high speed electric motor with the speed 
reaching for example several tens of thousand rpm, such heat cannot be disregarded. 

Furthermore, if the number of turns of the coil is increased, then the amount 
exposed from the stator increases accordingly. Moreover, the less the number of poles 



the longer the span length exposed from the stator end. Furthermore, ino rdcr to cope 
with a high output brings the requirement for arranging conductors compatible with high 
currents. In such a case, the size of the coil in the axial direction or in the diametral 
direction is increased, so that the rotating electrical machine itself is enlarged. That is to 
say, there is the problem that when the conductor amount is increased to realize the high 
output, the rotating electrical machine is enlarged. 

In particular, in the case where the stator coil is enlarged in the axial direction, 
then corresponding to this the rotor is also enlarged in the axial direction. This has a 
significant influence on the centrifugal strength and shaft vibration of the rotor. 
Consequently, there is a strong demand for miniaturizing the stator coil as much as 
possible particularly in the axial direction. 

As another shape for the abovementioned approximate quadrilateral shape coil 
segment, there is proposed in Japanese Patent Application, Second Publication No. Sho 



53-44362 a coil having rhombic shape turns. 
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FIG. 15 shows a band shape coil 111 formed by sequentially aligning rhombic 
y 4&ZftoL - FIG. 16 shows a C ylindrical^^co?113 formed by rolling the band 
dwpTcoil 111 of FIG. 15. With such a cylindrical shape coil 113, since apexes of the 
rhombic shapes are located at opposite ends of the cylindrical body, the amount of 
5 windings exposed from the stator can be kept to a minimum. ^ 
^ WUh the form of FIG. 15 however, the band^^cmfcomprising rhombic 

A^pffJns is formed from single wires, and is not possible to make this a multi-layered 
cylindrical coil which is a necessity in order to obtain a high output. In this case also^ 
even if this is parallel connected, phase matching is difficult, and there is the problem 
1 o that if these are laminated in several layers, the coil thickness increases. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention takes into consideration the above problems 
with the object of providing a slotless stator which addresses the realization of high 
output and also miniaturization. Moreover, it is an object to provide a method of 
1 5 manufacturing a stator winding which is simple and has good formability. 
The above objects are achieved by the following means. 
The stator winding of the present invention is characterized in being a hollow 
cylindrical body formed by: forming turns by winding a wire sheaf of a plurality of fine 
/ wires composed of conductors bundled together, through one turn in an approximate \j 

20 rhombic shape; formingj^SSTrhombic shape coil segments comprising a 

continuous length of the wire sheaves by winding and arranging a plurality of the turns 
^ so as to be sequentially shifted continuously in *te direction of one diagonal of the 
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rhombic shape, forming a band shape body using a plurality of the coil segments with 
these coil segments sequentially shifted in the direction of the one diagonal and so as to 
be adjacent to each other, and rolling the band shape body into a cylindrical shape. 

Since the conformed from a wire sheaf comprising a plurality of fine wires, 
5 then compared to a coiTfcrfnldfom a single wire, this can be made to cope with higher 
speed rotation. Moreover, with the wire sheaf, by pressing this using a press, an increase 
in the thickness of the coil can be avoided, and by twisting together, circulating current 
losses are reduced. 

n The wire sheaf is characterized in that one end portion of opposite end portions 

U 1 0 of the respective turns which are located in the direction of an other diagonal orthogonal 

b to the direction of the one diagonal is wound froin,an inner peripheral side of the hollow 

cylindrical body to an outer peripheral side, and .an other end portion of the opposite end 



portions of the respective turns, is wound from the outer peripheral side^to the inner 



j.^ pUrUAJIlS UL lilt IWJM/um. 

* l jvCftl peripheral sider^^^ 

!:I 0^ } 5 The respective turns are characterized in that opposite end portionswhich are 

13 located in the direction of an other diagonal orthogonal to the direction of the one 

diagonal, have bent back portions which proceed so as to project to an outside of the turn, 
and then return back in an approximate U-shape and proceed so as to return to an inside. 
By locating the bent back portions on the end portions of the hollow cylindrical 
20 body, these bent back portion face in the direction of the other diagonal of the rhombic 
shape, that is to say in the longitudinal (axis) direction of the hollow cylindrical body. 
As a result, the bent back portions can be compactly arranged around the circumferential 
direction of the hollow cylindrical body, so that a plurality of turns can be closely wound. 
Consequently, even if the number of turns is increased, the bent back portions are 
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laminated side by side, and these bent back portions are not exposed extending in the 
radial direction or the axial direction. 



When the windings according to the present invention are secured to the core of 
the slotless stator, only the bent back portions of the respective turns are exposed from 
the end of the stator. That is to say, the portion exposed from the core is only the bent 
back portions and is only a little. Hence the winding amount is considerably reduced^ 



Preferably the respective turns are arranged in a condition touching adjacent turns. 
In this way, a winding wound at a high density can be formed. a 



segments, two sides located on one side of the other diagonal are arranged on an inner 
peripheral side of the hollow cylindrical body, and the other two sides opposite to the 
two sides located on the one side are arranged on an outer peripheral side of the hollow 
cylindrical body. 

Since two sides of the coil segment are arranged on the inner peripheral side of 
the hollow cylindrical body, and the other two sides are arranged on the outer peripheral 
side, then on both the inner peripheral side and the outer peripheral, the wire sheaves are 
closely arranged. 

Even more preferably, the two sides of the coil segment which are arranged on 
the inner peripheral side of the hollow cylindrical body are abutted in the circumferential 
direction against the two sides which are arranged on the inner peripheral side of the 
adjacent coil segment, and the respective coil segments are arranged sequentially shifted 
while being overlapped so as to radially overlap the two sides of the adjacent coil 
segments, which are arranged on the outer peripheral side^ 



More preferably, of the four sides of the approximate 





The two side^frich are arranged on the inner peripheral side of thewspeetive 
eoil-segmente are uniformly arranged in the circumferential direction. Furthermore, the 
two sides which are arranged on the outer peripheral side of ther espcctivo coil - s t gmonto- 
overlap the two sides arranged on the inner peripheral side of the adjacent coil segment, 
in the radial direction of the hollow cylindrical body . In so doing, the respective coil 
segments are arranged in an alternately overlapped fashion. As a result, the plurality of 
coil segments are closely overlapped in the circumferential direction and the diametral 
direction. 

More preferably, with the bent back portions located on the opposite ends of the 
respective turns, one end side thereof is bent from the inner peripheral side of the hollow 
cylindrical body towards the outer peripheral side, and/or the other end side is bent from 
the outer peripheral side towards the inner peripheral side. 

Since the bent back portions are bent from the inner peripheral side (outer 
peripheral side) to the outer peripheral side (inner peripheral side), the bent back portions 
can be arranged closely in the circumferential direction. As a result, the respective turn 
sets can be arranged sequentially and in close contact in the circumferential direction. 
That is to say, even if the number of turns of increased, the winding is not enlarged in the 
axial direction and the diametral direction. 

More preferably, the wire sheaf is twisted at least oneUirn in a helical form 
within a range of one side of the respective^pFesttftate rhombic ebipe^turns. 

Twisting in a helical shape gives a construction the same as a Litz wire used for 
example in high frequency transformers. Hence the electromotive voltage difference 
which is produced in the respective strands in the wire sheaf forming the turns can be 
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$S reduced, and the generation of unnecessary losses of, for example circulating currents can 
be suppressed. 

More preferably, the wire sheaf has an approximately rectangular shape cross- 
section. 

5 When wire sheaves having rectangular cross-sections are arranged adjacent to 

each other, these wire sheaves can be arranged in a close contact condition, thereby 
increasing the conductor space factor of the coil segment. 

More preferably, the fine wires have a distorted circular cross-section with linear 
p portions, and adjacent fine wires are contacted at the linear portions. 

SJ\ i o In this way, the conductor space factor is further increased, 

u Wttlrthe method of manufacturing a stator winding according to the present 

invention, t hen with a method of manuf a cturin g-a stator winding usefd in a rotating 
electric machine having a slotless stator, which incorporates : f 

a turn forming step for forming turns by winding a wire sheaf of a plurality of 
fa, 1 5 fine wires composed of conductors bundled together, through one turn in an approximate^/ 
rhombic shape; a coil segment forming step for forming coil segments comprising a 
continuous length of the wire sheaf by winding and arranging a plurality of the turns so 
as to be sequentially shifted continuously in the direction of one diagonal of theriiombic 
shape; and a hollow cylindrical body forming step for forming a bancf^ap^body using a 
20 plurality of the coil segments by sequentially shifting and overlapping these coil 

segments so as to be adjacent in the direction of the one diagonal, and rolling the band 
~ ^Hftjeb^y into a hollow cylindrical shape^ihe turn forming step includes a step where^ 

with the wire sheaf, one end portion of opposite end portions of the respective turns 
which are located in the direction of an other diagonal orthogonal to the direction of the 
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one diagonal is wound from an inner peripheral side of the hollow cylindrical body to an 
outer peripheral sideband an other end portion of the opposite end portions of the ^^^^ 
respective turns, is wound from the outer peripheral sideju the inner peripheral sid^ 

The turn forming step is characterized in incorporating a bent back portion 
forming step for forming bent back portions at opposite end portions of the respective 
turns which are located in the direction of the other diagonal orthogonal to the direction 
of the one diagonal, whieh proceeds so as to project to an outside of the turn, and then 
returns back in an approximate U-shape and proceeds so as to return to an insid^. 

Preferably, the turn forming step incorporates a press step for pressing the wire 
sheaf so that adjacent fine wires are closely contacted. 

By pressing, the respective fine wires constituting the wire sheaf are deformed to 
a close contact condition. Furthermore, by keeping the respective fine wires in a close 
contact condition in this way , the cross-sectional shape of the wire sheaf can be stably 
maintained. 

More preferably, prior to the press step there is provided a step for twisting the 
wire sheaf at least one turn in a helical form within a range of one side of the 
.approximate rhombic shape turn. 

By carry out pressing after applying a twist, the respective fine wires are 
deformed in a twisted condition, and hence a more rigid close contact condition is 
obtained. 

More preferably, the press step incorporates a step for forming the wire sheaf so 
that the wire sheaf has an approximately rectangular cross-section. 



BRIEF DESCRIPTION OF THE DRAWINGS 
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FIG. 1 is a sectional view showing a rotating electric machine provided with a 
stator winding according to an embodiment of the present invention. 

FIG. 2 is a sectional view on the section line II-II of FIG. 1. 

FIG. 3 is a plan view showing a condition where a hollow cylindrical body 
formed from a plurality of coil segments is developed into a plane. 

FIG. 4 is a plan view showing a coil segment. 

FIG. 5 is a perspective view showing a coil segment. 

FIG. 6 is an enlarged perspective view showing a wire sheaf which forms the coil 
segment. 

FIG. 7 is a cross-sectional view showing a cross-sectional shape of fine wires 

which make up the wire sheaf. 

FIG. 8 is a perspective view showing an arrangement condition of the coil 

segments. 

FIG. 9 is a perspective view showing a stator winding according to the present 
invention in the form of a hollow cylindrical body. 

FIG. 10 is a perspective view showing a condition where the stator winding is 
inserted into a stator core. 

FIG. 11 is a perspective view showing a stator core with a divided construction. 

FIG. 12 is a plan view showing a modified example of extended portions of turns. 

FIG. 13 is a perspective view showing a slotless stator according to conventional 
technology. 

FIG. 14 is a perspective view showing a coil segment used in the slotless stator of 
FIG. 13. 



FIG. 15 is a plan view showing a band shape coil having rhombic shape turns 
according to conventional technology. 

FIG. 16 iya perspective view showing a cylindrical coil formed by rolling the 
bancf^hape coil of FIG. 15. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 



Hereunder is a description of embodiments of the present invention with 
reference to the appended drawings. 

FIG. 1 is a cross-sectional view showing a rotating electrical machine provided 
with a stator winding being one embodiment of the present invention. 

FIG. 2 is a sectional view on the section line II-II of FIG. 1. 

A rotating electrical machine 3 incorporating a slotless stator 1 is shown in FIG. 
1. This is suitable for use in a high speed rotating electrical machine which is used for 
example at several kW to several tens of kW, and at rotational speeds above several ten 
thousand rpm. 

With the rotating electrical machine 3, the outer shape is formed from a casing 5, 
and a rotor 7 is rotatably arranged via bearings 9 along a central axis of the casing 5. 

With the rotor 7, as shown in FIG. 2, a permanent magnet 11 serving as magnetic 
field generating device is incorporated therein. This permanent magnet 11 is constructed 
so that p (where p is an even number of two or more) magnetic poles for generating a 
magnetic flux in the radial direction, are formed on the outer surface of the rotor 7. For 
the permanent magnet, a rare earth magnet such as a Sm-Co, Nd-Fe-B sintered magnet is 
suitable. 
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The slotless stator 1, as shown in FIG. 1 is arranged around the rotor 7, forming a 
small gap 13. The slotless stator 1 is one wherein slots for securing windings are not 
formed. The slotless stator 1 comprises a winding (stator winding, or slotless stator 
winding) 15 positioned on the rotor 7 side, and a stator core 17 positioned on the casing 
5 side. 

The stator core 17 is in the form of a hollow cylindrical shape, and is secured so 
that the outer peripheral face of the stator core 17 is contacted with the inner peripheral 
face of the casing 5. The stator core 17 is constructed by laminating a large number of 
ring shaped electrical steel plates in the plate thickness direction. The stator core 17 has 
an inner peripheral face which is a cylindrical surface not formed with slots. Here the 
stator core 17 may also be a divided configuration. For example, as shown in FIG. 11, 
this may be in a two piece form. Of course, this may also be three or more pieces. 

The winding 15, as with the stator core 17, is a hollow cylindrical shape, and is 
secured by means of an insulation layer 19 so that the outer peripheral face of the 
winding 15 faces the inner face peripheral face of the stator core 17. With the winding 
15, the end portions are connected by connection wires via a bus bar 21. 
Hereunder is a detailed description of the winding 15. 

FIG. 3 shows a condition where the hollow cylindrical shape stator winding-15 
has been developed into a plane. This band shape winding 15 developed into a plane 
comprises a plurality of coil segments 23. The coil segments 23, in the present 
embodiment correspond to a three phase two pole configuration, and hence there are 3 x 
2 = 6 segments. That is to say, in the case where the rotating electrical machine is an m 
phase p pole configuration, then mxp coil segments are used. 
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The coil segments 23 are formed from a wire sheaf 27 (refer to FIG. 6) with a 
£yf plurality of ffiSg^wir^(fine wires) 25 composed of conductors bundled together. The 
/ 'm^fiEst^rires 25 are formed with an insulation layer on the surface, and the strand outer 
diameter is preferable less than 1mm. As shown in FIG. 4, the coil segments 23 are 
5 constructed by arranging a plurality of single turns 29 formed by winding the wire sheaf 
27 once around an approximate rhombic shape. That is to say, the respective turns 29 
are wound and arranged so as to be continuously and sequentially shifted in the direction 
of a diagonal Al (one diagonal ) of a rhombic shape extending in the left and right 
direction in the figure. The respective turns 29 are arranged contacting with adjacent 
1 o turns 29 in a close contact condition. 

Here instead of the magaet wire 25, a litz wire may be used in order to reduce 
the skin effect at high frequencies. 

The turns 29 have the following characteristics for the shape. As is apparent 
from FIG. 4, opposite end portions 35 which are located in the direction of a diagonal 
1 5 (other diagonal) A2 which extends in the vertical direction in the figure, orthogonal to 
the direction of the one diagonal Al have bent back portions 37. These bent back 
portions 37 are formed proceeding so as to project on the other diagonal A2 towards the 
s / outside of the turns 29, and then return back in an approximat e U-shape and proceed so 

Us ^ 

as to return on the other diagonal A2 towards the inside of the turns 29. That is to say, 
20 the bent back portions 37 in this embodiment are in an approximately 180° bent hair pin 
shape. 

Furthermore, with the bent back portions 37, as will be apparent from FIG. 5 
being a perspective view of the coil segment 23, these are bent from the lower (upper) 
side in the figure to the upper (lower) side. That is to say, as described later, when the 
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coil segments 23 are rolled to give a hollow cylindrical body, these are bent from the 
inner (outer) peripheral side of the hollow cylindrical body towards the outer (inner) 
peripheral side. Moreover, at one end portion of the opposite end portions of the 
respective turns 29 which are located in the direction of the other diagonal A2 which is 
orthogonal to the direction of the one diagonal Al, the bent back portions 37 are wound 
from the inner peripheral side of the hollow cylindrical body to the outer peripheral side, 
and at the other end portion of the opposite end portions of the respective turns 29, are 
wound from the outer peripheral side to the inner peripheral side. 

By forming the bent back portions 37 in this way, two sides 39 of one set are 
arranged so as to be on a lower side with respect to two sides 41 of the other set. That is 
to say, when the coil segment 23 is rolled into a hollow cylindrical body, then of the four 
sides of the approximate rhombic shape coil segments 23, the two sides 39 located on 
one side of the other diagonal A2 are arranged at the outer peripheral side of the hollow 
cylindrical body, and the other two sides 41 facing the two sides 39 located on the one 
side, are arranged on the inner peripheral side of the hollow cylindrical body. 

The coil segment 23, is formed from a continuous wire sheaf 27, by continuously 
winding a plurality of turns 29 (refer to FIG. 4 and FIG. 6). Consequently, a pair of 
terminals 31 for electrical connection are provided for each coil segment 23. 

In FIG. 4 is shown a coil segment where the turns 29 are wound as 12.5 turns. 
However the number of windings is not limited to this and may be appropriately changed 
in accordance with the intended use. 

As described above, the wire sheaf 27 is constructed with a plurality of magnetic 
wires 25 bundled together, and as will be apparent from FIG. 6, this wire sheaf 27 has a 
rectangular shape in cross-section. Furthermore, the wire sheaf 27 is twisted in helical 
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form. With this twisting, it is desirable to apply at least one twist, that is at least 360°, 
within the range of one side of the rhombicshape turn 29. 

As shown in FIG. 7, each of the magnet wires 25 constituting the wire sheaf 27 is 
made in a distorted circular - cross - aa c tio ft shape. More specifically, these are an 
approximate square shape having linear portions 33 and bearing rounded corners. Since 
the magnet wires 25 have this cross-sectional shape, then at the respective linear portions 
33, the adjacent magnet wires 25 are contacted in a close contact condition. 

By using a plurality of coil segments 23 constructed as described above, a band 
shape body as shown in FIG. 3 is formed. This band shape body is then rolled into a 
cylindrical shape as shown in FIG. 9 to give a hollow cylindrical body 43. 

Each coil segment 23 is overlapped as follows. That is to say, each coil segment 
23, as shown in FIG. 8 is arranged sequentially shifted while being overlapped in the 
direction of the one diagonal Al. More precisely, two sides 39a of the coil segment 23a 
arranged at the bottom side (left side) in the figure are arranged adjacent in the direction 
of the one diagonal Al to two sides 39b arranged at the bottom side (left side) in the 
figure of the adjacent coil segment 23b. Furthermore, these are arranged so as to overlap 
in the vertical direction, the two sides 41c located at the upper side in the figure, of the 
adjacent coil segment 23c. By arranging in this manner, when the coil segments 23 are 
formed into a hollow cylindrical shape, the two sides 39 of the coil segments 23, which 
are arranged on the outer peripheral side^are abutted in the circumferential direction 
against the two sides 39 which are arranged on the outer peripheral side of the adjacent 
coil segments 23, and are arranged so as to radially overlap the two sides 41 of the 
adjacent coil segments 23, which are arranged on the inner peripheral side. 
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The winding 15 made as the cylindrical hollow body 43 (refer to FIG. 9) 
comprising the plurality of coil segments 23 constructed in the above manner, is inserted 
inside the stator core 17 as shown in FIG. 10 and secured. 

Hereunder is a description of the method of manufacturing the winding 15. 

At first, the plurality of magnet wires 25 are bundled together to form the wire 
sheaf 27 (refer to FIG. 6). The wire sheaf 27 is then wound in an approximately rhombic 
shape to form a plurality of turns (refer to FIG. 4). 

At this time, the wire sheaf 27 is wound so as to form the aforementioned bent 
back portions 37. 

Preferably at the time of forming the turns 29, it is desirable that the wire sheaf 
27 is pressed with a press so that the adjacent magaet wires 25 are closely packed 
together. Moreover, as shown in FIG. 7, it is desirable to form the wire sheaf 27 with a 
press so as to have a rectangular shape in cross-section. 

More preferably, before pressing, it is desirable that the wire sheaves 27 are 
twisted at least once within the range of one side of the ap p r oxima t e rhotnbic shape turns 
29. 

Next, a coil segment 23 comprising a continuous length of the wire sheaf 27 is 
formed by arranging a plurality of the respective turns 29 so as to be sequentially shifted 
in the direction of the one diagonal Al (refer to FIG. 4). 

After this, the hollow cylindrical body 43 (refer to FIG. 9) is formed by forming 



the band shape body (refer to FIG. 8) using a plurality of the coil segments 23 with these 

AJ 

coil segments 23 sequentially shifted and overlapped in the direction of the one diagonal 
Al, and then rolling the band shape body into a cylindrical shape. 
In the above manner, the winding 15 is formed. 
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With the winding 15 according to this embodiment, the following characteristic 
effects can be demonstrated. 

The bent back portions 37 are provided in the winding 15, and these bent back 
portions 37 are bent in a U-shape in the longitudinal direction of the hollow cylindrical 
body 43 to give the hair pin shape, and become the end portions of the hollow cylindrical 
body 43. Therefore, compared to the conventional winding where the winding which is 
exposed from the stator core extends in the circumferential direction, the amount of 

_ [Swire 25 which is used can be considerably reduced. Since, in this way^the overall 
length of the magaeTw^^S is shortened, the direct current resistance of the winding 
15 can be reduced, and hence heating of the winding 15 due to joule heating can be 
suppressed. 

Since the bent back portions 37 are bent from the inner (outer) peripheral side of 
the hollow cylindrical body 43 to the outer (inner) peripheral side, the respective turns 29 
can be more tightly arranged. That is to say, since the bent back portions 37 are bent in 
the radial direction of the hollow cylindrical body 43, these bent back portions 37 can be 
arranged in close contact in the circumferential direction. As a result, the respective 
turns 29 also can be closely arranged in the circumferential direction, and even if the 
number of turns increases, there is no overlapping of the wire sheaves 27 in the radial or 
axial directions. Since the wire sheaves 27 are not overlapped in the axial direction of 
the hollow cylindrical body 43, then for example even if the number of turns is increased, 
the overall length of the winding 15 and consequently the overall length of the rotating 
electrical machine is not increased. Consequently, a high output due to increasing the 
amount of conductors can be realized, together with miniaturization of the rotating 
electrical machine. 
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Moreover, by bending from the inner peripheral side to the outer peripheral side, 
the one set of two sides 39 can be arranged on the outer peripheral side, and the other set 
of two sides 41 can be arranged on the inner peripheral side. Consequently, the wire 
sheaves 27 can be arranged evenly and close together on both the inner peripheral side 
5 and the outer peripheral side of the hollow cylindrical body. 
^ The construction is such that the two sides 39 of the one coil segment ceft 

segment 23, on the outer peripheral side are positioned side by side in the circumferential 
direction relative to the two sides 39 of the other coil segment 23, on the outer peripheral 
side, and these are positioned abutting in the radial direction against the two sides 41 on 
1 0 the inner peripheral side of the other coil segment 23. Therefore, the wire sheaves can 
be arranged evenly and close together in the circumferential and radial directions. 
Consequently, a sufficiently high current density can be maintained, and a high output 
thus achieved. 

Since the cross-sectional shape of the wire sheaf 27 is an approximate rectangular 
1 5 shape due to pressing, when the plurality of wire sheaves 27 are arranged in a line, these 
^ can be arranged so as to have no gap, rather than with the case where a wire sheaf with 

strands of simple circular cross-section are bundled together. That is, the conductor 
space factor per one side of the coil segment 23 can be increased, 
y Since the cross-sectional shape of the naagnet wires 25 is made a distorted 

0^/ 20 circular shape such that adjacent magnet wires 25 are closely contacted at the linear 

portions 33, the conductors can be more densely arranged inside the wire sheaf 27 than 
with the construction where magnet wires having a circular cross-section is simply 
bundled together. Hence a higher current density can be obtained. 
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Since the wire sheaf 27 is made by twisting in a helical shape, an effect the same 
as conductor reversal in a Litz wire is obtained. In particular this occurs when the rotor 
7 of the rotating electrical machine 3 is rotated at high speed. Hence eddy current losses 
and circulating current losses can be significantly reduced. 

Furthermore, by adopting the construction with the helical shape twist, the 
situation where the wire sheaf 27 becomes loose and out of place, can be avoided. 

In particular, in the case of a manufacturing method where, after twisting the wire 
sheaf 27, this is pressed while applying heat to the wire, the-H*ag»et wires 25 are formed 
in a twisted condition, and hence the bonding together of the respective magaet wires 25 
is increased more than by simply pressing. Therefore the wire sheaf 27 can be reliably 
formed. Consequently, when later forming the turns 29, the^ cro oo s ection shape of the 
rectangularly formed wire sheaf 27 can be stably maintained without unraveling. 
Furthermore, there is no longer the need as heretofore at the time of winding and 
forming the winding to make this rigid by impregnating a resin such as varnish into the 
^^^v^s25 and using self bonding wires. Therefore heat dissipation is not 
impaired by the resin, and a reduction in space factor of the conductors occurring as a 
result of the resin penetrating into between the magnet wires ?£ does not result. 

Here with the abovementioned embodiment, the description has been for a 
construction having an extended portion 50 where the bent back portions 37 proceed 
along the other diagonal A2 towards the outside of the turns 29 and then return back in 
an approximate U-shape and proceed along the other diagonal A2 in the direction 
towards the inside of the turns 29 (refer to FIG. 4). However even if this extended 
portion 50, as shown in FIG. 12 is constructed so as to be located on an extension in the 
extension direction of either side of the two sides containing the bent back portions 37, 
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of the four sides of the approximate rhombic shape turns 29, the above effect is not 
impaired. Furthermore, a construction having simply a bent back end portion with the 
extended portion 50 omitted is also possible. 

As described above, with the present invention, since the bent back portions are 
provided at opposite ends of the respective turns, the respective turns can be tightly 
wound. As a result, a high current value can be realized, and a high output from the 
rotating electrical machine can be achieved. 

Furthermore, since the bent back portions can be arranged sequentially aligned in 
the circumferential direction, a size increase in the axial direction and the diametral 
direction due to an increase in the amount of conductors can be avoided. Hence 
miniaturization of the rotating electrical machine can be realized. 

Since the construction is such that the wire sheaf is twisted in a helical shape, 
eddy current losses and circulating current losses produced at the time of high speed 
rotation of the rotating electric machine can be considerably reduced. Moreover this can 
also cope with increased speeds. 

By adopting the method of manufacturing the wire sheaf by pressing, the cross- 
sectional shape of the wire sheaf can be stably maintained. Therefore the degree of 
freedom at the time of winding manufacture can be considerably increased. 
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